This experiment was conducted during the 2005 and 2006 cropping seasons at the research field of the Faculty of Agriculture, University for Development Studies, on Nyankpala campus near Tamale in the Guinea savannah zone of Ghana. The objectives of the study were to determine the influence of weeding regime and application of neem seed extract (NSE) on insect pest populations and yield of cabbage. The experiment was a 3 x 5 factorial laid out in randomized complete block design with three replications. The treatments consisted of: hoe weeding every 2 or 3 weeks and unweeded control combined with applications of NSE at 2% (w/v), 5% and 10%, and Karate 2.5 EC (Lambda cyhalothrin) and water-treated control. The results indicated the occurrence of broadleaves, grasses, sedges and shrubs in order of dominance as weed species. Insect species prevalent included grasshoppers (Zonocerus variegatus [L.]), crickets (Gryllus spp.), caterpillars of diamondback moth (Plutella xylostella L.), cabbage webworm (Hellula undalis F.), and flea beetles (Phyllotreta cruciferae [Goeze]). Snails (Helix pomatia L.) were the other prevalent pests recorded. Weed biomass was affected only by weeding regime and was highest on control plots followed by plots weeded every 3 weeks and every 2 weeks, respectively. Weeding regime significantly affected the populations of insect pests on cabbage. Hoeing every 2 or 3 weeks lowered pest populations with consequent stability in plant population and increased cabbage yield more than the control plots. The 10% NSE was highly effective and gave better protection to cabbage plants against pest damage than the 5% NSE, Karate, 2% NSE and watertreated control with corresponding increase in yield and cosmetic beauty of cabbage heads. Overall however, between 5% -10% NSE can be used as an alternative to the synthetic insecticide Karate to control insect pests of cabbage. Also, weeding every 3 weeks was adequate to avoid yield loss due to weed competition.
INTRODUCTION
Cabbage (Brassica oleracea var capitata) is grown for its fleshy leaves, which may be served raw or in boiled form. In Ghana, cabbage is popular in the urban and peri-urban areas where it is produced mainly by backyard and market gardeners (Sinnadurai, 1992; Ninsin, 1997) . It is consumed primarily as a vegetable and may be used to prepare soup, stew, as stuffing for cake and in salad as part of a main meal. It has high nutritive value supplying essential vitamins, proteins, carbohydrates and vital minerals that are important for proper nutrition (Norton, 1997) .
Weeds compete with cabbage for essential nutrients and seriously limit its yield. They may also serve as refuge for insect pests and diseases. Labrada (1994) reported that compared to other arable crops, vegetables compete poorly with weeds during the early part of their life cycle due to initial slow growth. Cabbage seedlings left unweeded 4-6 weeks after planting (WAP) suffered up to 80% economic yield loss (Labrada, 1987) . According to WAAS (1984) , Akobundu (1987) , Labrada (1987) , and Gupta (1998) , weeds must be controlled before 4 WAP to realize the potential yield in cabbage. Despite the importance of weed control in cabbage production, research is limited in defining control regimes for the crop in Ghana. Pre-plant incorporated herbicides provide good control of annual grasses, but broadleaves may be a problem and may require supplementary weed control (Labrada, 1994) .
Insect pests such as the diamondback moth (Plutella xylostella [L.]), cabbage webworm (Hellula undalis F.), and cabbage aphid (Brevicoryne brassicae [L.]) also limit cabbage yield in Ghana (Norman, 1992) . Application of insecticides has been the principal recourse for control of these pests on cabbage in Ghana (Obeng-Ofori, 2002) . However, notwithstanding the financial constraint, indiscriminate use of pesticides on cabbage and other vegetables in Ghana has resulted in negative impact on the environment and the development of resistance by some of the insect pest species (AduAcheampong, 1997). There is, therefore, the need for novel and alternative pest control strategies that are cheaper to use and also less detrimental to the environment. Extracts from the neem tree, Azardirachta indica A Juss have deterrent and insecticidal properties against over 400 insect pests and could be used for pest control in cabbage (Schmutterer, 1985; Abudulai et al., 2004) . The extracts act as contact and stomach poisons, and disrupt the development of eggs, larvae, pupae or prevent moulting of larvae or nymphs (Singh, 1994; . Neem also disrupts sexual communication and cause sterility in adult insects (Schmutterer, 1985) . The neem tree is ubiquitous in Ghana and can therefore be a cheap source of insecticides for pest control in cabbage and other crops. Moreover, neem is non-toxic to mammals and also benign to nontarget organisms (Ascher, 1993; Abudulai et al., 2004) .
The objectives of the present study were to evaluate the effect of weeding regime and application of neem seed extract on insect pests and yield of cabbage.
MATERIALS AND METHODS Experimental site:
The study was conducted on the research farm of the University for Development Studies at Nyankpala (9 o 42′ N latitude, and 0 o 92′ W longitude, and 184 m altitude) near Tamale in the Guinea savannah zone. The area experiences a unimodal rainfall pattern from June to October with a peak occurring in September and an annual total rainfall of about 1022 mm (SARI, 1994) . The soil has a sandy loam texture, developed from Voltaian sandstone and classified as Nyankpala series (SARI, 1994) .
Experimental design: Factorial combinations of 3 weeding regimes and 5 neem and insecticide treatments were laid out in randomized complete block design and replicated three times. The neem treatments were 2% (w/v) neem seed extract (NSE), 5% NSE and 10% NSE, with Karate (Lambda cyhalothrin) as the reference product and watertreated control. Weed treatment levels were weeding every 2 weeks, weeding every 3 weeks and unweeded control.
Raising of cabbage seedlings and land preparation: Cabbage seeds of the variety 'Oxalus' (white cabbage), were obtained from Wunpini AgroProducts Ltd in Tamale and sown on well prepared beds. The field was disc-ploughed to a depth of about 20 cm in June 2005 and 2006. The seedlings were raised on beds measuring 15 cm high by 2 m wide by 3 m long that were constructed using a hand-hoe. The seedlings were hardened for 3 days by withdrawal of watering before they were transplanted onto field beds four weeks after sowing. The plants were spaced 50 × 60 cm on the beds. Organic manure (cow dung) at the rate of 5 t/ha was worked into the beds 2 weeks before seedlings were transplanted (TP) and NPK (15-15-15) fertilizer was applied at 250 kg/ha at transplanting. Sulphate of ammonia was applied as top dress at the rate of 60 kg N/ha at 3 and 6 weeks after transplanting (WAT).
Preparation and application of neem seed extracts: Ripe neem seeds were collected from different trees at Nyankpala near Tamale, de-pulped and allowed to dry under shade for one week. The seeds were weighed into three batches of 20 g, 50 g and 100 g and ground into powder. Powdered soap was added to each batch at 1, 2.5 and 5 g, respectively and each mixture was soaked in one (1) liter of water and allowed to stay overnight. The mixtures were filtered the next day to obtain the 2%, 5% and 10% (w/v) NSE concentrations. Karate was applied at the recommended rate of 50 ml/15 L knapsack. Spray applications were made starting from 10 days after transplanting, using the CP-15 knapsack sprayer fitted with Tee Jet nozzles. Neem was applied weekly for eight weeks during the season while Karate was applied every two weeks during the period.
Data collection and analysis: Data were collected on crop establishment by counting the number of plants that survived after transplanting at four weeks after planting and at harvest. Baseline density of weed flora data was taken before land preparation by using a 1 × 1 m quadrat at five points along the two diagonals of the field and the procedure was Where: F = frequency of weed species occurrence and D = density of occurrence, The dry matter of weeds was determined at 3, 6, 9 and 12 WAP by oven drying at 80 o C for 48 hours. Populations of the different insect pests were estimated in-situ by visual counting on two rows of each plot. The insects were sampled before application of insecticides and two days after treatment. Ten randomly selected cabbage heads from each plot were harvested and average weight calculated for yield analysis.
Due to similarity of data points, mean values for the two years were subjected to analysis of variance and treatment means were separated using the least significance difference test at P = 0.05. The analysis was done using GENSTAT statistical package .
RESULTS AND DISCUSSION
General observations: None of the interactions of weeding regime and insecticide treatments significantly affected insect pest populations, weed biomass production and cabbage yield. Weeding regime did not significantly (P = 0.05) influence plant establishment at 4 WAT, although some of the plants that survived on unweeded control plots were visually of less vigour than plants exposed to more frequent weed control (Table 1) . However, season-long weed infestation lowered (P = 0.05) plant populations at harvest compared with weed control at every 2 or 3 weeks that supported similar plant populations. shrubs recorded one species each, Cyperus rotundus Linn. and Icacina trichanta Oliv., respectively and represented the lowest number of weed species recorded on the experimental plots. Weed dominance levels were similar at pre-plant and at harvest for all weed groups. The wide variety of weed species on the field could probably be due to favourable edaphic conditions or high soil fertility (Akobundu, 1995) since groundnut and soybean which are known for their nitrogen fixing abilities were previously planted on the experimental sites. The presence of grasses and sedges was probably due to the continuous cultivation of the land (Akobundu, 1987) . As expected, the effect of weeding regime significantly affected weed biomass production ( Figure 1 ). Weed biomass production was very low when plots were weeded every two weeks compared with those that were weeded after three weeks of planting and the unweeded control. (Table 3 ). These so reported by Norman (1992) as major bage in Ghana. The diamondback moth mportant pest of Brassicaceae worldwide d Shelton, 1993). These insects fed on eveloping heads of cabbage sometimes irregular holes as characteristic feeding grasshoppers, crickets, diamondback ails. Flea beetles gouged out small pits bbage webworm fed on leaves nder silken threads. These insects also oppings on the leaves and developing er reducing the quality of the heads.
em seed extract on densities of insect : With the exception of snails and st densities before neem spray showed ces among the treatments (Table  ulations were higher in the water-treated n in the neem and karate treatments.
Application of neem and Karate significantly pest densities than water-treated control. treatment at 5 and 10 % NSE gave a sig better control of all pests compared with the othe treatments, including the pyrethroid inse Karate. Other workers have reported that neem treatments are effective for control of cabbag pests (Goudegnon et al. 2000; Javaid et al Obeng-Ofori and Ankrah, 2002) . Goudegn (2000) reported that 5% NSE treatment sig lowered populations of the diamondback moth cabbage in Benin. The reductions in populations were probably due to the inse and/or repellent properties of neem (Schm 1990; Goudegnon et al. 2000; Populations of the insect pests were greate that were treated with Karate than in the ne treatments, which probably showed that the inse were resistant to karate as was reported for anoth pyrethroid insecticide deltamethrin by Goud al. (2000) .
Effect of weeding regime on insect and s populations:
Insect populations generally were m in the unweeded plots than in the weeded (Table 5 ). There were, however, no sig differences in pest densities between plots that we weeded every two (2) weeks and those t weeded three (3) secticide application on cabbage yield: significant differences among treatments re 2). With the exception of nt, yield was significantly higher ated plots than in the water-treated s. Yield was significantly higher on plots ated with 5 % and 10% NSE compared hat were treated with the synthetic arate. The 10% NSE treatment gave the bage head yield. These results the findings by Schmutterer (1990) , Goudegnon et al. (2000) 
CONCLUSION:
The similarity in head yield of cabbage from hoe weeding interventions at every two and three weeks after transplanting suggested the effectiveness of the latter weed control regime to significantly reduce weed competition with the crop below economic threshold. It is therefore recommended that weeds could be controlled as late as at onset of 3 WAP and thereafter given an additional two hand weedings at 6 and 9 WAT to avoid yield loss and make efficient use of resources.
Neem treatments significantly reduced insect and snail pest populations and increased yield more than treating plots with the synthetic insecticide, Karate. Application of 10% NSE gave the best control, but was similar to 5% NSE. It is therefore recommended from this study that farmers use 5-10% NSE to control insect pests on cabbage, with the higher dose applied during periods of good rainfall. The above findings were from neem seed extracts. The seeds are seasonal and may not always be available in time of need compared to the leaves that are available all year round. It is therefore recommended that future research should also test neem leaves to increase the options for farmers to use the neem technology so that the leaves can be used for crop protection during periods that the seeds are not available.
